2+ -regulated cytosolic protease. Mammals have 14 calpain genes, half of which are predominantly expressed in specific organ(s); the rest are expressed ubiquitously. A defect in calpains causes lethality/pathogenicity, indicating their physiological indispensability. nCL-2/calpain-8a was identified as a stomach-specific calpain, whose physiological functions are unclear. To elucidate these, we characterized nCL-2 in detail. Unexpectedly, nCL-2 was localized strictly to the surface mucus cells in the gastric epithelium and the mucus-secreting goblet cells in the duodenum. Yeast two-hybrid screening identified several nCL-2-intracting molecules. Of these, the β-subunit of coatomer complex (β-COP) occurs in the stomach pit cells and is proteolyzed by nCL-2 in vitro. Furthermore, β-COP and nCL-2 co-expressed in COS7 cells co-localized in the Golgi, and Ca 2+ -ionophore stimulation caused the proteolysis of β-COP near the linker region, resulting in the dissociation of β-COP from the Golgi. These results strongly suggest novel functions for nCL-2 that involve the membrane trafficking of mucus cells via interactions with coat protein.
Gly-clustering domain (V) (4, 5) . In the absence of Ca 2+ , the protease domain (II) is further divided into two subdomains, IIa and IIb, which form a single active domain upon binding to Ca 2+ (6, 7) .
Genetic studies in mammals and other organisms have clearly shown the physiological indispensability of the calpains.
A gene knock-out mouse with a mutation in the gene for 30K, Capn4, exhibits embryonic lethality (8) ; mutations in the human gene for skeletal-muscle-specific p94/calpain 3, CAPN3, are responsible for limb-girdle muscular dystrophy type 2A (9) ; and a single nucleotide polymorphism in intron 3 of the human gene for calpain 10, CAPN10, is associated with type 2 diabetes (10) .
Mutations in the calpain genes of various other organisms, including yeasts, plants, nematodes, and Drosophila, result in significant phenotypes corresponding to defects in stress responses, sex determination, organogenesis, etc. (11, 12, 13, 14, 15) .
However, our understanding of the specific molecular mechanisms underlying calpain functions in vivo is far from complete.
One clue to the molecular actions of calpain is their tissue-specificity, because this should reflect their specific cellular functions, which are highly differentiated and specialized in the corresponding tissues.
Indeed, a defect in skeletal-muscle-specific calpain causes muscular dystrophy, as mentioned above. nCL-2, also called calpain 8a, is another tissue-specific calpain, which is predominantly expressed in the stomach (16) . The domain structure of nCL-2 is identical to that of mCL described above. By alternative splicing, the gene for nCL-2, Capn8, generates nCL-2´ (also called calpain 8b), which lacks domains III and IV (16, 17) . Possible functions have been reported for nCL-2 in the pituitary gland and for its Xenopus laevis homologue, XCL-2, in embryogenesis (18, 19) . However, the specific targets and functions of nCL-2 are still unclear.
Another tissue-specific calpain, nCL-4, the expression of which is predominantly in the digestive tract, also occurs in the stomach.
It is reported to be down-regulated in a subset of gastric cancer patients and is involved in the suppression of tumorigenesis (20, 21, 22) . µ-Calpain is also involved in the acid secretory process by cleaving ezrin, a membrane cytoskeletal protein, in parietal cells (23) . How these data relate to the physiological functions of nCL-2/-2´ has yet to be elucidated.
The stomach is a highly differentiated organ with specific functions and complex programmed glandular structures, organized into diverse types of epithelial cells. The rodent stomach is composed of four regions:
fundus, cardia, corpus, and pylorus, the latter three of which have numerous tubular pits with glands deep within them (24) . The pits are lined by pit cells that secrete neutral mucus to protect the epithelium from acid (25) . The oxyntic glands in the corpus consist of acid-secreting parietal cells, pepsinogen-secreting chief cells, and hormone-secreting enteroendocrine cells (25, 26) . Pylorocytes and gastrin-secreting G cells are mainly found in the pyloric glands of the pylorus (27) . All these cells originate from proliferative progenitor cells located under the pits and undergo continuous renewal.
The progenitor cells follow a specific differentiation process during their migration upwards, downwards, or both, to their final programmed destinations (25) .
Therefore, to understand nCL-2 functions, it is essential first to determine its localization in the stomach. In this study, in situ hybridization (ISH) and immunohistochemical analysis of nCL-2/-2´ were performed to localize them precisely.
Surprisingly, nCL-2 was strictly localized in the pit cells, in sharp contrast to the expression of the ubiquitous calpains.
Furthermore, yeast two-hybrid screening followed by biochemical analysis demonstrated the proteolytic interaction between nCL-2 and the β-subunit of the COPI coatomer complex (β-COP), strongly suggesting novel functions for nCL-2 that involve the membrane trafficking of mucus cells by interacting with coat proteins. , and bands were detected as previously described (16) . Proteolysis assay -The pSRD constructs were transfected into COS7 cells by electroporation, as previously described (29) .
MATERIALS AND METHODS

Materials
For the in vitro assay, COS7 cells were and Ser529. Quantification of the β-COP bands clearly showed very rapid proteolysis by nCL-2 ( Fig. 7C, graph) .
These results indicate that β-COP is proteolyzed by nCL-2 in a Ca 2+ -dependent manner. This is the first report of the proteolysis of β-COP. Therefore, the interactions between these molecules were further investigated.
β-COP and nCL-2 are co-localized in the Golgi -As described above, β-COP associates with COPI-coated vesicles related to the Golgi membrane, and is thus localized in the Golgi apparatus (44) . When nCL-2 and β-COP were co-expressed in COS7 cells, both proteins were detected densely in the Golgi stacks, and their expression overlapped extensively ( Fig. 8A, a- The molecular mass of the fragment coincided with that detected by in vitro proteolysis (Fig. 8C, closed arrowhead) .
The 60 kDa fragment was not observed when However, the precise roles shared by these calpains must be examined further. It is also possible that, like Eya2, β-COP functions as a scaffold protein for nCL-2 in its proteolysis of substrates as yet unidentified. One of the most important questions is how calpain selects specific substrates for proteolysis. A scaffold for proteolysis, like that observed in various kinase cascades, is a strong possibility, although there are few reports of scaffold proteins for calpain (30, 58) . These possibilities can be explored in mice genetically modified at the gene for nCL-2.
This research is now proceeding in our laboratory. Hata et al., Figure 5 
